Abstract The present study demonstrated the three-dimensional organization of the collagen and elastin fibers of the lung in the Japanese monkeys, Macaca fuscata as revealed by alkali-maceration/scanning electron microscope technique. The collagen fibers, which were bundles of collagen fibrils, were repeatedly divided and fused to form a network along the alveolar duct. The collagen fibers in the alveolar duct branched and entered the alveolar septa, where the fibers again repeated branching and fusing and formed thin networks. Thick collagen fibers around the alveolar mouths took significant degree of zig-zag or spiral courses. The elastin fibers were condensed around the alveolar mouths, but there were also elastin fibers between the adjacent alveolar mouths. Within the alveolar septa were course network of elastin fibers.
INTRODUCTION
The function of lung parenchyma depends largely on the three-dimensional or ganizationof the lung connective tissues, especially the collagen and elastin fibers. However, to our knowledge, previous studies showed only two-dimensional distri butionof collagen and/or elastin fibers of the lung (e.g., Young et al., 1980; Mercer and Crapo, 1990) . On the other hand, our preliminary studies suggested that the three-dimensional organization of the lung parenchyma showed species differences. These led us to conduct comparative studies of the three-dimensional organization of the lung parenchyma.
In the present study, we used Japanese monkeys, Macaca fuscata. In order to re vealthe three-dimensional organization of collagen and elastin fibers of the lung, we removed all of the cells by the alkali-maceration techniques to yield only collagen fibers (Ohtani, 1987; Ohtani et al., 1988) or elastin fibers (Song and Roach, 1985) . Scanning electron microscopy of the specimens thus prepared gave threedimensional views of collagen or elastin fibers of the lung.
MATERIAL AND METHODS
Three Japanese monkeys, Macaca fuscata, were used. Under deep anesthesia, the thorax was opened, and a catheter was inserted into the aorta through which the (Ohtani, 1987 (Ohtani, , 1989 (Ohtani, , 1993a Ohtani et al., 1988 Ohtani et al., , 1991 Ohtani et al., , 1993 Kikuta et al., 1991 around the alveolar entrances showed a significant degree of zig-zag or spiral courses (Fig. 2) . Perhaps this is because the lung were fixed in their collapsed conditions. Indeed, our study on the rat lung has demonstrated that in the deflated or collapsed lung the collagen fibers took spiral or wavy courses, while in the inflated or expanded lung they became straighter (in preparation).
The elastin fibers have been also demonstrated three-dimensionally by scanning electron microscopy of 0.1N-NaOH-macerated tissues (Fig. 4) . Hass (1942) intro duceda method to expose elastin fibers with formic acid. This method also gives elastin fibers, but the elastin fiber networks frequently tend to be distorted during the preparation procedure. In contrast, the present method initially introduced by Song and Roach (1985) yields the elastin fiber networks in more natural form and location. As pointed out by Song and Roach (1985) , the elastin fibers are not well fixed with most of the fixatives including glutaraldehyde. Wasano and Yamamoto (1983) demonstrated the arterial elastin fibers which were extracted by formic acid and freeze-dried. However, it has been recently found that the elastin fibers are quite distorted and loose their fibrous structure during freeze-drying but that the natural morphology of the elastin fibers is best preserved by tannic acid fixation (Ushiki, 1990) . As in the case of collagen fibers, the spatial relationships of the elastin fibers to other tissue elements should be studied by other methods. In this connection, the confocal laser scanning microscope seems to be a powerful tool to reveal the three-dimensional organization of elastin fibers in situ and their relation shipsto other tissue elements. Indeed, our preliminary study with the confocal laser scanning microscope demonstrated the three-dimensional organization of the elastin fiber network in the rat lung (Ohtani, 1993b) . The elastin fibers were condensed around the alveolar entrances, but they also existed between the adjacent alveolar entrances, thus forming a network along the alveolar duct (Fig. 4) . Most of the elastin fibers traveled obliquely along the alveolar duct. Young et al. (1980) proposed a model in which the elastin fibers took a single helical course and formed a spiral along the alveolar duct. Although indi vidualelastin fibers took a helical course, the fibers were interwoven each other and did not form a simple spring like structure along the alveolar duct.
Mercer and Crapo (1990) reported that the elastin fibers form rings surrounding individual alveolar entrances. As presented in the present study, the elastin fibers were condensed around the alveolar mouths, but they also existed between adjacent alveolar mouths, thus forming a mesh-like network along the alveolar duct. Within the alveolar septa there were also elastin fibers. But they were sparser than those in the alveolar duct wall. Transmission electron microscopy has shown that the collagen fibers are located in close proximity with the elastin fibers and that they are frequently interwoven with each other (data not shown). Our results seem to support the hypothesis proposed by Mercer and Crapo (1990) . At the low stress to the alveolar duct and the alveoli, the collagen fibers with spiral or zigzag courses become easily straight, stress being borne mainly with the elastin fibers. At the higher stress or strain, the collagen fibers become straight and limit the further expansion of the alveoli and the alveolar ducts. 
